INTRODUCTION
Many methods have been used to survey feral pigs (Sus scrofa Linnaeus, 1758) or wild boar, but no universally accurate or precise method has been developed. Barrett (1982) outlined briefly some ,of the methods.
Indices of population density of feral pigs have been obtained by many methods. Track counts and drive counts (by beating) were used by Pucek et. al. (1975) Dzi^ciolowski (1976) and Bobek & Perzanowski (1984) in Polish forests in winter snow. Dzi^ciolowski (1976) reported a significant (p<0.05) but weak correlation (0.389, df=24) between the results of drive counts and the number of tracks of wild boar.
Other studies have used area counts (Hone & Pedersen, 1980; Hone, 1983) , spotlight strip transects (Hone, 1983) , diurnal strip transects (Hone, in press), aerial strip transects (Pavlov et. al., 1981; Hone, 1983; Saunders & Bryant, 1988; Wilson et al., 1987) , bounty payments on pig snout# (Giles, 1980; Woodall, 1983) , dung counts (Ralph & Maxwell, 1984) , and the number of pigs killed (Diong, 1973) . Line transects were used by Singer & Ackerman (1981) in forests. The transects were used to obtain estimates of true density, by walking along existing trails, and converting observed density to true density by Eberhardt's (1968) power function. However Burnham et al. (1980) concluded that [4511 the power function was not generally useful as an estimator of true density. Barrett (1982) noted that many indices of pig abundance had been used but they have been rarely compared to known populations of feral pigs. He did not give an example.
Estimates of true density have been obtained by mark-recapture by Barrett (1971 Barrett ( , 1978 , Jezierski & Myrcha (1975) , Jezierski (1977) , Andrzejewski & Jezierski (1978) , Giles (1980) Henry & Conley (1978) , Baber & Coblentz (1986) and Ccblentz & Baber (1987) . Coblentz & Baber (1987) also used an area count and assumed it was accurate. Saunders & Bryant (1988) used an index, manipulation, index method to estimate true population size.
In forests problems of sightability appear to limit use of many of the direct counting survey methods and those methods used may yield indices of abundance not true abundance, though this has not been experimentally tested. These problems have led to examination of measures of pig rooting to monitor trends in populations of feral pigs (Belden & Pelton, 1975; Conley, 1977: Hone, in press ). Survey data have several uses, in particular to monitor changes in feral pig density over time, to determine relationships between ground rooting and feral pig abundance, and to measure the effects of feral pig control on rooting and feral pig abundance. For these studies a method which measures the occurrence of rooting or accumulation of dung over a defined time period would be more sensitive than simply estimating the cumulative effects over a time period of unknown duration.
This study aimed to determine the repeatability and precision of three feral pig survey methods: line intercept estimation of ground rooting, plot counts of dung pellets, and area counts of pigs. Secondly the study aimed to determine relationships between the survey method results to investigate method accuracy and to assess the usefulness of the methods in control evaluation.
METHODS
The study occurred in the eastern half of Namadgi National Park, (35° 30'S, 149° E), in the Australian Capital Territory. The area is disected by deep valleys and varies in altitude from about 800 to 11500 m. Granitic rocks underlie nearly all the Park which is covered in Eucalyptus forest or woodland, with som: broad grassland valleys (Anon, 1982) . Annual average rainfall varies from 600 mm at low altitude, to 1000 mm at high altitude. The average daily maximum temperatures (°C in January were 25 and in July 9, and the average minimum temperatures in Janury were 10 and :in July -2. Snowfalls are common in winter (June, July, August) and snow stays on the ground for several weeks at high altitude.
Seven sites were selected with restricted randomisation in the park; Cotter Gap, Nursery Swamp, Honeysuckle Creek, Brandy Flat, Shanahans Falls Creek, £>oboyan Pine Forest, and Boboyan (Naas Creek). Sites selected were at least 5 km apart to minimize movement effects by feral pigs between sites. That distance was chosen on the basis of limited radio-tracking data (Terrill, pers. comm.) for feral pigs in the park. Rainfall data were recorded monthly at each site and temperature data collected at Glendale Crossing in the centre of the area. Each site consisted of 4 km 2 with 100 permanent plots in each site. The number of plots was chosen on the basis of preliminary survey work that showed 48 plots was insufficient to get repeatable dung counts, and to get greater precision in the stimate of the proportion of a site rooted by feral pigs. Plots were randomly located with respect to placement and orientation, except plots did not overlap (sampling without replacement) and secondly the distance between plots did not exceed 35 m to facilitate finding plots. Each iplot was 20 m 2 , the same size as used by Ralph & Maxwell (1984) and marked with numbered pegs at the ends of the main long axis of the 10 m X 2 m'plot.
Rooting was recorded using a line intercept method (Lucas & Seber, 1977) , with the start and end of each area of rooting measured directly under a tape measure held between the two plot pegs. An area was recorded as rooted iff) there were obvious signs of ground disturbance by feral pigs and the vegetative ground cover was less than that of surrounding nondisturbed areas.
Dung pellets were counted on a 1 ,m strip either side of this centreline tape. The number of dung pellets was recorded then the plot was cleared of pig dung. Only dung that were intact were counted. No attempt was made to age dung. Dung of feral pigs was differentiated from that of other species on the basis of shape (oval to lobed), composition (fibrous, heterogeneous), colour (black) and odour (putrid). For adult pigs that was very easy, however dung of subadult (6-12 mo) pigs required carel'ul examination to avoid confusion with the dung Of kangaroos. Dung of juvenile ( <6 mo) feral pigs was not detected during the study. Fresh dung pellets were placed outside but near the plot and checked each month to determine disappearance rates. Dung were classed as present if each pellet was still intact and could be picked up without disintegrating.
Feral pigs seen at each site were recorded and age and sex recorded. As the plots were clustered in each site the area over which pigs were observed was not the whole of each site, but totalled 1 km 2 . Study in 1984 (Hone, in press) indicated that there were insufficient sightings of feral pigs to use a line or strip transect method for estimating true density, so area counts were used. Burnfiam et al., (1980) recommended that at least 40 animals needed to be observed to use transect methods, and I did not expect to see that many each month.
Sampling was conducted monthly from June 1985 to May 1986 inclusive, to determine changes within seasons and to allow sufficient time for rooting extent to change and dung to accumulate. Measurement of dung pellet decay continued until December 1986 to allow estimation of decay regressions with a minimum of four degrees of freedom for each month of study. Preliminary work in March and April 1985 showed that most feral pig dung pellets lasted longer than one month, in contrast to the disappearance of most dung in Hawaii in two weeks (Ralph & Maxwell, 1984) .
The repeatability within months of rooting measurements per site was determined by independently measuring each of 700 plots, and testing the difference using a paired Student's t test (Snedecor & Cochran, 1967) . The re-peatability between months of dung counts was tested by Chi-square analysis by comparing the frequency distributions of the number of dung pellets per plot for two successive months. Data from 400 plots were used.
To examine the application of the data for predicting the extent of rooting or abundance of dung pellets, relationships between the extent of rooting and abundance of dung, and the frequency of occurrence of either rooting or dung were determined by least squares regression forced through the origin. The x variable was either the frequency of occurrence or an index calculated from the first term of a Poisson series (Caughley, 1980) , where the index (I) was:
where j was the proportion of plots with rooting (or dung). For regression it was assumed that the standard deviation of each value of x was proportional to that x (Snedecor & Cochran, 1967) . The Poisson transformation was investigated as there is commonly a curvilinear relationship between the frequency of occurrence data and density indices (Caughley, 1980) . Batcheler (1973) reported significant correlations between density of possum (Trichosurus vulpécula Kerr, 1792) dung and an index of dung density calculated from the first term of a Poisson series.
The frequency distributions of rooting per plot (length of rooting/lO m) were compared to a negative exponential function fitted by least squares regression after transformation to natural logarithms:
For the rooting data x was the midpoint of each rooting class.
The decay of dung pellets each month was compared to a modified exponential function, fitted by least squares regression after rearranging the equation and transformation to common logarithms:
where y was the percentage of dung pellets remaining, but did not include the initial data (x=0, y=100%>) and x was the number of months since reference dung were established. This solves to the initial starting point (x=0, y = 100). For the regression 0<a<100, and b is not equal to 1 (otherwise the regression is a straight line).
The numbers of dung per plot per month were compared to a Poisson distribution by a Chi-square goodness-of-fit test (Snedecor & Cochran, 1967) . The number of dung pellets per site corrected for decay (CD) was estimated from;
CD=(M ln(/i// 2 ))/(l-(Mi))
where M was the number of dung pellets counted after one month, /i the number of reference dung pellets at the start of the month, and /a the number of reference dung pellets still present at the end of the month (Hill 1981 ).
3. RESULTS
Rooting
The average difference in rooting at each site between each repeated measurement was 0.0 (±0.57 SE), which was obviously not significantly different from zero (t=0.0, df=6, p>0.05). The most frequent length of rooting was zero. The frequency distribution of rooting extent per plot (length of rooting/10 m) was of negative exponential form (Fig. 1) . A negative exponential equation fitted to each month's data gave highly significant (p<0.01) correlations (Table 1) . The percentage of the ground rooted over by feral pigs averaged 2.7% during the 12 months. The percentage differed between sites and months being highest at Boboyan pine forest (7.4%) and lowest at Brandy Flat (0.1%) and highest seasonally in October (3.6%) and lowest in June and January (2.2%). The percentage of plots with rooting varied among months from 18.1% to 26.6%. The ratio of the standard error to the mean percentage ranged from 6.3% to 8.0%.
The actual extent of rooting per site (rooting m/1000 m) was sig-nificantly (p<0.05) correlated with an index of rooting extent calculated from the percentage of plots with rooting using the first term of a Poisson series (Table 2) , and was significantly correlated each month with the percentage of plots with rooting (Table 3) . Table 1 The intercepts, slopes and correlation coefficients of a negative exponential equation fitted to the frequency distribution of rooting per plot for each month. Degrees of freedom vary between months as a zero occurrence could not be included in the regression (lnO =-oc). All correlations were significant at the 0.01 level. Fig. 2 . The frequency distribution of the number of feral pig dung pellets per plot per month. Data are the average values for the 12 month study. The total number of plots per month on which dung pellets were counted was 700.
Month
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The frequency distribution of dung pellets per plot was highly skewed, with the most common number being 0, then 1, then 2 (Fig. 2) . The frequency distribution was significantly different (p<0.05) from a Poisson distribution in each month. The percentage of plots with dung pellets varied among months from 1.4% to 8.3%. The ratio of the standard error to the mean percentage ranged from 12.6% to 31.7%. The mean number of dung pellets per plot per month was 0.16 and the mean varied among months from 0.02 to 0.31 The ratio of the standard error to the mean ranged from 14.3% to 50.0%. Table 4 The slopes, associated standard errors (SE) and Student's t statistics of regressions forced through the origin between the number of dung pellets at each site and an index of dung abundance. The number of dung pellets per site for each month was significantly correlated with an index of dung abundance calculated from the first term of a Poisson series (Table 4) . Similarly the number of dung pellets was significantly correlated with the percentage of plots with dung (Table 5) , except for December.
The percentage of dung pellets remaining each month declined exponentially in each month (Table 6 ) though the rates of decay varied among months. The coefficient a was very high in October and December and the coefficient b low in the same months. The average value of b was 0.67 (±0.12 SE) which was significantly different to 1 (t=2.75, df= 11, p<0.05). The average value of the coefficient a was significantly different from 0 (t=4.62, df = ll, p<0.001) and from 100 (t= 10.15, df=ll, p<0.001). Table 6 The coefficients (a, b) and correlation coefficients of modified exponential regressions between the percentage of dung pellets remaining and the months since reference dung were stablished. Degrees of freedom (df) differ between months as dung disappeared after differing times * p<0.05, ** p<0.01. 
Month dung
Pigs
The observed density of feral pigs in the study area was 0.89 (±0.27 SE)/km 2 . Of pigs observed (85) in the seven sites 44 (51.8%) were adults, 11 (12.9%) sub-adults and 30 (35.3%) juveniles. Of pigs that could be sexed 17 were male and 19 female.
Relationships between Rooting and Dung
When calculated between months there was no significant correlation between the percentage of the ground rooted and the average number of dung pellets per site (r= 0.082, df = 10, p>0.05), or the corrected average number of dung pellet^ (r = 0.269, df=10, p>0.05).
When calculated between sites there was no significant correlation between the percentage of the ground rooted by pigs and the average number of dung pellets (r= 0.053, df = 5, p>0.05), or the corrected average number of dung pellets (r= 0.043, df = 5, p>0.05).
The change in the percentage of ground rooted between successive months was significantly correlated with the corrected dung counts (r = 0.628, df=9, p<0.05), but not sinificantly correlated (p>0.05) with rainfall during the month (r=-0.324, df = 9), the previous percentage of the ground rooted by pigs (r=-0.564,, df=9), average minimum temperature (r=-0.311, df=9), average maximum temperature (r= =-0.168, df = 9), average temperature (r=-0.211, df=9), or the product of the average temperature and rainfall (r--0.540, df=9).
The change in the percentage of plots with rooting between succesive months was significantly correlated with the corrected dung counts (r= 0.687, df= 9, p<0.05), but not significantly correlated (p>0.05) with rainfall during the month (r= 0.336, df = 9), average minimum temperature (r=-0.316, df=9), average maximum temperature (r=-0.118, df=9), average temperature (r=-0.204, df = 9), or the product of average temperature and rainfall (r=-0.604, df = 9).
Relationships between Rooting and Pigs
The percentage of ground rooted by pigs among months was not significantly correlated with observed pig density (r=-0.089, df=10). Between sites the percentage of each site rooted by pigs was not significantly correlated with observed pig density averaged over months (r=-0.037, df=5). The change between successive months in the percentage of ground rooted was not significantly correlated to observed pig density (r= 0.077, df=9).
At Shanahans Falls Creek where more feral pigs were counted than at other sites, there was no significant correlation (r = -0.237, df=10) between the percentage ground rooted and observed density of pigs at the end of a month.
Relationships between Dung and Pigs
There was no significant correlation between the number of dung per month and the observed density of feral pigs (r= 0.049, df = 10). The relationship was explored in more detail at Shanahans Falls Creek where pigs could be more easily observed and were not disturbed.
There was no significant correlation (r=0.257, df=10) between the number of dung per month and observed pig density at the end of the month. However when juvenile pigs were excluded from the analysis and observed pig densities at the start and end of each month averaged, then there was a significant correlation between dung pellets counted and average observed density of adult and subadult pigs (r= 0.844, df = 10, p<0.01). The regression equation was:
Dung pellets/month = 8.95 +16.33 (mean adult + subadult pigs).
There was a significant correlation between the corrected count of dung pellets and average observed adult and subadult pig density (r= 0.844, df = 10, p<0.01). The regression equation was:
Corr. dung pellets/month = 12.83 +16.46 (mean adult+subadult pigs).
In both cases the regression equations had an intercept above zero indicating a bias in the observed pig density -dung was accumulating but no pigs were sighted.
DISCUSSION
The results show that repeatable measures of rooting and counts of dung were obtained by the methods used. Rooting was a more accurate indicator of past feral pig presence than dung counts, as rooting occurred when no dung occurred, and dung counts were more accurate in showing pig presence over a month than one or two counts of pigs per month. For the same number of plots measured, the percentage of plots with rooting was a more precise measure than the percentage of plots with dung. The results in this study expand the range of survey methods available for feral pigs and their sign.
The extent of rooting in this study averaged 2.7% and varied between months from 2.2% to 3.6%. This extent was similar to that reported for a Polish forest (1%-10%) by Jezierski & Myrcha (1975) but lower than that reported for an Hawaiian forest (6%-11%) by Ralph & Maxwell (1984) and parts of Great Smoky Mountains National Park, Tennessee (0.3%-80%) by Singer (1981) or an Hawaiian forest (14%-38%) reported by Cooray & Mueller-Dombois (1981) .
The negative exponential frequency distribution of rooting per plot probably reflects different searching patterns by feral pigs. The large number of short lengths of rooting may have been sites of searching for food, and the longer lengths of rooting were sites where food was found.
The lack of correlation between the extent of rooting and dung counts or pig counts supports the model presented by Hone (in press), that predicted a lack of a significant correlation. The assumption of Belden & Pelton (1975), Conley (1977) and Giles (1980) , that the extent of rooting is positively correlated with population density, is not correct. The lack of correlation may also result from a lack of time period on the measure of rooting compared to that of dung which accumulated over one month.
In contrast the monthly change in the extent or frequency of rooting was positively correlated with the abundance of pig dung. Further research needs to be done to distinguish the effects of climate from the effects of pig abundance on the monthly change in the extent or frequency of pig rooting.
The observed population density of feral pigs in Namadgi National Park (0.89/km 2 ) was lower than that reported for mountain forests (2-9/km 2 ) in Tennessee and for forests (19-79/km 2 ) in Hawaii (Singer 1981 ). The observed density was similar to that reported by Hone (in press) of 1.0/km 2 in the same mountain forests in Australia. The precision of the estimate was higher in this study (CV=30%) than that reported by Hone (in press) (CV=50%).
The counts of dung pellets in the present study were on average much lower than those reported in Hawaiian forests. The number of dung counted declined over summer even when corrected for decay. A possible explanation is that the pigs moved to higher altitude in summer as suggested by Boreham (1981) and reported for feral pigs in the USA (Belden & Pelton, 1975; Comparison of the population density and dung counts in the present study suggests that the pig counts were underestimates. The average count of dung pellets was 0.16/20 m 2 /month which is equivalent to 267 dung pellets/kmVday. As the observed pig density was 0.89/km 2 then those pigs must produce 300 dung pellets/pig/day. No estimates of the defecation rates of feral pigs have been published though this rate is considered an overestimate. This is supported by the regression be-tween the dung counts and counts of pigs. Even when no feral pigs were counted dung pellets were still counted.
The rates of decay of dung pellets in the present study were lower than those reported for Hawaii (Ralph & Maxwell, 1984) . This may have been associated with lower temperatures and rainfall in the Australian forests.
The significant regressions between the extent of rooting and percentage of plots with rooting, and the abundance of dung and the percentage of plots with dung, suggest that detailed measurement of rooting or counts of dung pellets are not necessary. Only the percentage of plots with rooting or with dung need to be recorded. Such a recording system reduced field time from four hours per site to 1.5 hours per site when used in July 1986 after this study.
